Abstract: Molecular genetic sequence variation of northern and northwestern mouse lemurs (Microcebus) was examined during a phylogenetic analysis of mitochondrial DNA (mtDNA) sequence data (c. 3,000 bp) for the entire genus. Phylogenetic inference of the mitochondrial DNA sequence data was generated from 132 individuals, representing 15 species of mouse lemurs. The database distinguished the 15 described Microcebus species and also provided diagnostic evidence for two further species. A compari-
Introduction
Due to its unique species biodiversity and to the continued pressure from human encroachment, Madagascar is among the highest conservation priorities worldwide (Myers et al. 
2005
; Louis et al. 2006a Louis et al. , 2006b Olivieri et al. 2007; Radespiel et al. 2008) . Even with these taxonomic revisions and the consequent realignments of the distributions of the species, regular re-evaluations are needed to monitor the conservation status of each taxon (Louis Jr. et al. 2006b ).
All lemurs are currently protected under the Convention
IUCN Red List of Threatened Speci
the island, lemurs are particularly susceptible to extinction from stochastic and deterministic factors due to their relatively small and fragmented geographic ranges (Jernvall and secondary or otherwise degraded forest tracts, even along roads. They live in small social units, being solitary or forming small family groups (Guschanski et al. 2007) , and are limited in their capacity to disperse because they are nocturnal and small (30-80 g) and have small home ranges of 0.3-1. 5 ha et al et al. 2006a ).
lemurs were represented by the northern mouse lemur (Microcebus tavaratra) found at Ankarana National Park, and the Sambirano mouse lemur (Microcebus sambiranensis) found at Manongarivo Special Reserve (Rasoloarison et al. 2000) . Based on phylogenetic inference of mitochondrial DNA (mtDNA) sequence data, Andriantompohavana et al. (2006) presented evidence for a new species of mouse lemur they named M. mamiratra in northwestern Madagascar at Nosy Be they referred to as Microcebus sp. nova #5, at Antafondro et al. (2007) presented a biogeographic model for the northern mouse lemurs, and described three new species, including one, M. lokobensis, from Lokobe mainland of Madagascar.
Three biogeographic models have been proposed for the distribution patterns of mouse lemurs, based on different relative contributions of factors that include large rivers (>50 m wide at 20 km inland), retreat dispersion watersheds, and topographical barriers such as mountains (Martin 1995; et al. 2006; Craul et al. 2007; Olivieri et al. 2007) . Olivieri et al. (2007) and Craul et al. (2008) presented biogeoreviews of northern and northwestern Madagascar, the numet al. 2006) to nine (Craul et al. 2008) .
analysis of the northern and northwestern mouse lemurs. and sites, along with accessioned published sequences), we -tionship between Microcebus mamiratra and Microcebus lokobensis described independently from the island of Nosy Be, and provide descriptions of two mouse lemurs that we consider to be distinct species; one from Antafondro ClassiPark.
Methods

Sample collection
All lemurs in this molecular study were free-ranging, (Fort Dodge). Two 2.0-mm biopsies and 0.01-0.05 cc of whole blood were collected and stored in room temperature tissue preservative (Longmire et al. 1992) . CO -perature tissue preservative (Longmire et al. 1992) . Genomic DNA was extracted from a 2.0-mm ear punch using a phenolchloroform extraction (Sambrook et al. 1989) . All measurements were taken on sedated animals as described in Andriantompohavana et al head crown (total length from the tip of the nose [soft tissue body length (total length of body from the occipital condyle to ear length (total length from the tip of the ear to the base the tip of the nose [soft tissue of the nose is not included] purposes we provide the weight, head crown, body length, and tail length following the guidelines of Smith and Jungers
Data generation
To CA). The sequence fragments were aligned to generate a consensus sequence using Sequencher (Gene Corp; Ann Arbor, -alX (Thompson et al. 1997) . The consensus sequences were submitted to GenBank and Accession Numbers are listed in
Phylogenetic analysis
To examine the genetic diversity of the mouse lemurs of the northern region of Madagascar, maximum-parsimony (MP), -ses were implemented for the D-loop and PAST, and combined 2001). The trees described in this paper are all consensus trees except for the bootstrap analysis (all trees were presented as phylograms for presentation purposes only). Bootstrap analy---tic searches per replicate option selected. Only nodes with was generated using the Tamura-Nei model (Tamura and Nei 1993) . The stepwise addition option was selected for MP analyses, and corrections for nucleotide sequence data suggested by Kimura (1980) were used with the NJ analyses. Gaps were were treated as missing data in the NJ analyses. The ML trees -chical likelihood ratio test (hLRT) in ModelTest3.5 (Posada -ware (Swofford 2001) Monte Carlo (MCMC) run with four simultaneous chains and 1,000,000 generations was performed. Every hundredth generation, the tree with the best likelihood score was saved, result-- (Swofford 2001) . Branch supports were assigned as posterior probabilities on the consensus tree. The pattern of sequence evolution was estimated by conducting a minimum spanning (Bandelt et al. 1999; Forster et al et al. 1998 ) and Arlequin, Version 2.0 (Schneider et al. 2000) .
As described 
Results
Mitochondrial DNA sequence data were completed for two fragments, D-loop and PAST (approximately 3,000 bp), and ML analyses of three sequence alignments (D-loop, PAST, and combined), the 15 Microcebus species were represented described species by Radespiel et al. (2008) were not included in these analyses since sequence fragments could not be correlated). All three phylogenetic methods corroborate the monophyly of M. griseorufus and M. murinus and the monophyly of M. bongolavensis, M. danfossi, and M. ravelobensis as presented in Radespiel et al. (2008) Table 2 (detailed morphological measurements of the novel individual mouse -titative analyses were conducted on the morphometric data.
logic data sets prevent a statistically reliable conclusion. Numerous factors such as small sample sets, independent data sets, multiple data collectors, the variance between live, sedated individuals versus processed museum vouchers, along with seasonal and age differences of individual mouse lemurs, currently restrict any comprehensive analysis of the genus Microcebus -mation is provided as supplemental data, only complementing the partitioning of unique biodiversity ( Table 2) .
The results from the population aggregate analysis of the D-loop and PAST sequence data are presented in Tables 3  -tic characters Tables 5a and 5b . The absolute pairwise distances generated between described species (Andriantompohavana et al. 2006; Louis Jr. et al. 2006a; Olivieri et al. 2007) . Although the absolute pairwise distance between M. mamiratra and Microcebus sp. nova #5 is the smallest percentage between the terminal clades, the geographic distance between sampling sites is also Microcebus sp. nova #5 and M. mamiratra PAST, respectively) and the highest percentage was found between M. ravelobensis and M. jollyae D-loop and PAST, respectively).
Microcebus individuals with 18 out-group taxa. Species designated according to the distribution in the current literature (Andriantompohavana et al. 2006; Louis Jr. et al. 2006a; Mittermeier et al. 2006; Olivieri et al. 2007) . Kremen et al. 2008) . Many studies have shown that molecular genetics technology offers a reliable and rapid method of identifying unique and cryptic biodiversity (Louis Jr. et al. 2006a; Olivieri et al. 2007; Radespiel et al. 2008) .
Microcebus, concentrating on the biogeographic distribution of the mouse lemurs in northern and northwestern Madagascar. Through the analyses of accessioned and novel sample sets, we found that each described mouse lemur clusters in distinct and well-supported terminal clades.
Since Radespiel et al. (2008) demonstrated the same result with an alternative data set, a singular terminal clade for both described mouse lemur species from the island of Nosy Be, we have established that Microcebus mamiratra has precedence over M. lokobensis Andriantompohavana et al. 15 acknowledged mouse lemur species, the data revealed a distinct clade for the mouse lemur initially proposed in Andriantompohavana et al and also showed a remarkable cryptic diversity from Mon--cated, as follows: molecular genetic parameters, geographic and topographic barriers, and relative partitions between species.
argument. According to the Phylogenetic Species Concept (PSC) sensu Louis Jr. et al. 2006a) , diagnostic characters or attributes -cies barriers (Cracraft 1983) . Given this criterion, the two data set will continue to test the distinction and diagnostic ability of these characters; and, therefore, the ongoing status of each species.
The second line of argument is as follows. 
Species Descriptions
Microcebus margotmarshae new species
Formerly Microcebus sp. nova #5; initially proposed in Andriantompohavana et al. (2006) . See Microcebus margotmarshae is a small -dominantly reddish-orange with gray undertones, ( Fig. 6; and the area surrounding the eyes are light brown, and there is a small, bright white spot on the nose ridge between the eyes.
ments, M. margotmarshae differs from its closest relatives, M. tavaratra, M. sambiranensis, M. mamiratra and M. arnholdi, by both genetic and geographic distance by 12.3% % (73 informative sites), 9.5% % % % (23 informative sites) and 9.5% % (57 informative sites); 9.7% % (227 informative sites), 5.1% % (132 informative sites), 2.5% % % % sites), respectively. Even though M. margotmarshae is a rufous-type mouse lemur as M. mamiratra (genetically the closest related), M. margotmarshae smaller than M. mamiratra (60.8 gm).
Microcebus margotmarshae is known from River and north of the Maevarano River, Madagascar. Andriantompohavana et al. (2006) proposed that the mouse lemurs from Anta--cies (Microcebus sp. nova #5), based on the PAST sequence fragment from one individual that was included in the -gascar, Microcebus margotmarshae -M. sambiranensis but smaller than M. mamiratra (60.8 gm), M. tavaratra (52.3 gm), and M. ravelobensis (65.9 gm). Additional samples from the M. margotmarshae. Olivieri et al. (2007) presented the course of the Maevarano River in an east to west direction, when, in fact, this river travels in more of a northwest to southeast -ples should be collected from mouse lemurs from Tsaratanana at high altitudes there.
Microcebus margotmarshae is named in honor of the late Margot Marsh, who during her lifetime contributed very generously to primate conservation initiatives in many different countries, including the publication of the Lemurs of Madagascar (Mittermeier et al Foundation was created after her death in 1995, thus continuing support for efforts that help safeguard the future of threatened primates.
Antafondro mouse lemur.
Microcebus arnholdi new species
Formerly Microcebus sp. nova #6 (Fig. 7 biopsies from ear pinna, and 0.07 cc of whole blood tissues -vidual measurements, e-voucher photos, and collection data -Microcebus margotmarshae by Rambinintsoa Andriantompohavana. Microcebus mamiratra (60.8 gm). Even though M. arnholdi is a rufous type mouse lemur as M. mamiratra, the pelage of M. arnholdi is more grayish brown.
Microcebus arnholdi
Microcebus arnholdi is known from the
Microcebus arnholdi can be found in montane rainforest, whereas M. tavaratra occupies the dry deciduous forest in the Ankarana and Analam-M. arnholdi is a -trates the need for comprehensive sampling in this intensely researched region of Madagascar, a detailed distribution map of the species sampled that correlates to the existing forest tracts, and accurate mapping of the course of all river systems. The distributions of other genera in the region should be overlaid to provide us with a better understanding the biogeography of lemurs in general. Lastly, molecular genetic data should be generated for the all lemur holotypes, and included in the phylogenetic inferences and diagnostic evaluations of Microcebus arnholdi M. sambiranensis but smaller than M. tavaratra (52.3 gm), Microcebus mamiratra (60.8 gm), and M. ravelobensis (65.9 gm).
The name arnholdi honors Henry Arnhold of New York, who has supported conservation efforts throughout the developing world, with a particular focus on linking the well-being of the people with the protection of their envi--ing the well-being of people with the protection of critically important biodiversity hotspots. Madagascar has been among that Henry Arnhold has provided. By naming this species the appreciation of the conservation community for all that he has done to further the cause for biodiversity conservation in Madagascar and around the world.
Note
As discussed in Andriantompohavana et al. (2006 Andriantompohavana et al. ( , 2007 , Louis Jr et al. (2006a , 2006b ), and Thalmann and Geissmann (2005 , the use of whole vouchers as the designated holotype for a new species is not a prerequisite for describ- Microcebus arnholdi -Distribution map of the mouse lemurs of Madagascar. Designated sites and species are based on molecular genetic data. The species legend corresponds to the color coded to the sites.
Appendix III
Summary of the acronyms and GenBank accessioned sequences used in this study. 
